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Abstract 
 
The terrestrial habitat use of Marbled Salamanders Ambystoma opacum: A site 
specific approach 
 
 
Frank Piccininni 
 
 
Habitat destruction, fragmentation and degradation have contributed heavily to the 
decline of amphibian populations such as Marbled Salamanders (Ambystoma opacum).  
Often, ambystomatid water resources are conserved without consideration for the equally 
important terrestrial habitat.  This is partly due to a lack of information regarding the 
relationship between ecological succession, plant community composition, microhabitat 
and salamander abundance. Three sampling transects consisting of drift fence arrays, 
vegetation assessments and microhabitat surveys were extended 100 m into the terrestrial 
habitat surrounding a seasonal wetland at Beech Fork State Park in Wayne County, West 
Virginia.  Principal components analysis was used to identify habitat gradients.  Stepwise 
multiple regressions were used to develop predictive models for Marbled Salamander 
abundance using raw data and principal components.  Models predicted much of the 
variation in my data set r2 = .9974, .8804 for raw data and principal components 
respectively.  Inverse Distance Weighting was used to explore spatial relationships 
between variables.  This study suggests that Marbled Salamanders are associated with 
late seral forests, and a high abundance of microhabitat.   
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Chapter 1: Terrestrial habitat use of Marbled Salamanders Ambystoma opacum: A 
site specific approach 
 
Introduction: 
 
Habitat destruction, fragmentation and degradation continue to threaten the 
persistence of amphibian populations such as Marbled Salamanders (Ambystoma 
opacum) (Dodd and Smith 2003, Collins and Storfer 2003).  Mitigating anthropogenic 
threats to amphibians requires a detailed understanding of amphibian natural history 
(Pauley 2005).  Despite a growing body of evidence on the importance of terrestrial 
habitats for ambystomatid salamanders, the affect of habitat composition on their 
movement patterns is poorly understood (Semlitsch 2008, Gamble et al. 2007, Gibbs et 
al. 1998).   
 Ambystomatid salamanders breed in seasonal wetlands, but spend the majority of 
the year in the surrounding terrestrial habitat (Hairston 1987).  Adjacent terrestrial habitat 
contains foraging and over wintering habitat, and a means to avoid desiccation (Faccio 
2003, Regosin et al. 2003, Rothermel and Luring 2005).  Ambystomatid salamanders 
have been documented to move over 1000 m from their breeding site (Gamble et al. 
2007), but these long distance movements are thought to happen as a series of shorter 
movements over a two to three year period (Semlitch 2008).  Juvenile salamanders in 
particular are not well suited to travel long distances, thus habitat immediately adjacent to 
a wetland may be critical to the local persistence of salamander populations in a 
fragmented landscape (Semlitsch 2008).  Yet, little is known about the relationship 
between plant species composition, microhabitat, and the abundance of salamanders in 
human impacted terrestrial habitats (Gibbons 2003, Jenkins et al. 2006).  Here I address 
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the following question.  Do relative seral stage and microhabitat features affect the spatial 
distribution of Marbled Salamanders?   
Methods: 
Study site:  
Data were collected at Beech Fork State Park in Wayne County, West Virginia. 
The study site centers on a relatively small depression that seasonally holds water (GPS 
N: 38.18.159, W: 82.19.889).  Variable local topography, hydrology and human land use 
have resulted in a mosaic of vegetative seres and habitat features.  I extended three 
sampling transects into distinct ecological communities (Figure 1) that includes a mid-
late successional forest (Figure 2), an early successional forest (Figure 3) and an 
agricultural field (Figure 4).   
Drift fence methods 
Three pre-staked silt fence transects with pitfall traps were extended into the 
habitat surrounding a depression that seasonally holds water.  Each pitfall trap contained 
a wet sponge, and was covered by a piece of plywood angled over the trap to help prevent 
desiccation of captured animals.  Pitfall traps were checked daily.  Vertebrate organisms 
and crayfish captured in pitfall traps were identified to species (except small mammals) 
and subsequently released on the opposite side of the fence. Marbled Salamanders were 
given a single toe tip by cohort (i.e., fence) to help provide a directional component of 
habitat use.  Selected drift fence data presented are an aggregate of data collected from 
June 6, 2007 to December 7, 2007.   
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Vegetation Survey 
In June 2007, 22 10-m² plots were established within zones to obtain a measure of 
vegetative structure and composition.  Surveys were stratified in the field to detect as 
much variation in plant community as possible.   Each 10 m² plot was subdivided into 
four 5 m² to sample trees and shrubs.  Trees were defined as woody species >1 m tall 
with a corresponding diameter at breast height (DBH) of >5 cm, shrubs were defined as 
plants >1 m tall with a DBH of <5 cm, and herbaceous plants were defined as plants <1 
m tall.  Vines were classified and sampled as shrubs.  Ground cover was estimated for 
shrubs that had an extremely high density (e.g., Multifloral Rose, Rosa multiflora).  Basal 
area from each stem was calculated from DBH.  Density of each species per plot was 
collected for shrubs.  A species-area curve of the herbaceous layer was constructed for 
the surveyed habitat to ensure that much of the variation in the plant community was 
captured.  To reduce observer bias all plant data were collected by one person.  Voucher 
specimens of most plants observed are held on file at the Marshall University Herbarium.  
Microhabitat Survey  
  Ninety-six 1-m² plots were established in July 2007 to assess microhabitat 
features pertinent to ambystomatid salamanders.  To keep the sample per unit area 
equivalent between zones, plots were established in a ratio of 2:6:10:14 from the closest 
to farthest zones respectively.  A random numbers table was used to produce compass 
headings and distances from the focal pool for plot locations.  Numbers were picked until 
the headings and distances fell within the desired zone.  Within each plot, leaf litter depth 
(LD-cm), horizontally oriented wildlife burrow density (HB-per m²), vertically oriented 
wildlife burrow density (VB-per m²), canopy cover (CC-%), and pH were measured.  
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Litter depth per m² was determined by averaging the depth of litter at the four corners and 
the center of each plot.  Litter was removed and burrows were then counted.  Canopy 
cover was estimated with a densitometer.  Leaf litter was measured by averaging the LD 
at the four corners and the center of each plot.  Plots were then cleared of leaf litter and 
debris to determine the abundance and dynamics of wildlife burrows.  Based on the 
animals caught in pitfall traps in the area, burrowing activity was likely undertaken by 
Spadefoots (Scaphiopus holbrookii), Long Tailed Shrews (Sorex cinereus), Short-tailed 
Shrews (Blarina brevicauda), Mice (Peromyscus spp) and Little-Brown Mud Bugs 
(Cambarus thomai) (Piccininni and Pauley, unpublished data).  HB can be best described 
as “runway” type burrows that were roofed by litter or a thin layer of soil supported by 
rootlets.  Observed HB were likely created by shrews and enlarged by salamanders 
habitat use (Semlitsch 1983).  VB were defined as vertically oriented burrows, likely 
created by spadefoots, mice and crayfish.  VB extended at least 3 cm below the surface of 
the soil. To reduce observer bias all measurements were taken by one person.   
Statistical Analysis 
 Average capture rates of Marbled Salamanders and values for microhabitat per 
zone (Figure 1) were calculated for use in statistical analysis.  To analyze the affect of 
vegetation composition on salamander abundance, tree data were aggregated according to 
shade tolerance categories (USFS-SYLVICS).  Aggregate tree variables used in analysis 
were shade tolerant (ST), intermediately shade tolerant (IST), and shade intolerant (SI). 
In addition, shrub and sapling density and herbaceous ground cover per wetland indicator 
status were aggregated for analysis (USDA, NRCS 2008).  Categories used for shrubs 
and saplings were wetland (WS-Obligate plus wetlands facultative), facultative shrubs 
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(FS) and upland shrubs (US-Facultative upland and upland associated).  Categories 
created for herbaceous species were wetland herbs (WH-Obligate plus wetlands 
facultative), facultative herbs (FH) and upland herbs (UH-Facultative upland and upland 
associated) and invasive herbs (IH) (Harmen 1999).   
Wetland shrubs and saplings (WS) was omitted from statistical analysis because 
there were few observations of this variable.  Zone C consists of relatively late seral 
forest and a road.  I reasoned that high salamander abundance in zone C (see results) was 
due to the late seral forest and not the road (Gibbs 1998); habitat data taken from the road 
were not included in statistical analysis.   
Principal components analysis (PCA) was used to identify and characterize 
habitat structure gradients.  PCA1 and PCA2 scores were then compared to the average 
abundance of salamanders per zone.  A multiple stepwise regression was then used to test 
the hypothesis that habitat composition affects the abundance and distribution of Marbled 
Salamanders.  Raw data was subjected to backwards stepwise regression.  Principle 
components 1-4 were subjected to backwards and forwards stepwise regression.  Models 
reported are default models.    
Geostatistics  
 Inverse distance weighting (IDW) was used to produce spatially explicit images 
of selected data (Figure 5).  IDW is an exact, deterministic technique that operates under 
the single assumption that values close to sampled points are more similar than those far 
away (Walker et al. 2007).  IDW images were masked with a raster setting to limit 
interpolations to the sampling transects.  Program defaults were used to produce stretched 
classifications.  Pairs of pitfall traps, vegetative plots and microhabitat plots were geo-
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referenced in Geographical Information Systems (GIS) to provide further spatial context 
to the discussion. 
Results: 
The species area curve of the herbaceous layer leveled off, suggesting that much 
of the variation in the plant community was sampled (Figure 6).  This implies that 
vegetative data collected was representative of real world floral structure and 
composition.  The majority of capture events of Marbled Salamanders were associated 
with zones C and D (Figure 7). 
Principal components 1, 2, 3 and 4 explained 34.6%, 27.6%, 13.8% and 10% of 
the variation in the data set respectively.  Variables that loaded together on PCA 1 with 
positive coefficients were those that are locally associated with the relatively late seral 
forest (i.e., CC, pH, HB, IMT, LD, US-Table 1).  Variables that loaded together on PCA 
1 with negative coefficients were those associated with the agricultural field or the 
relatively early seral forest community (FS, FH, IH, IT, UH, VB, WH-Table 1).  I 
interpret PCA 1 to represent the gradient between the relatively late seral forest and the 
rest of the sampled habitat.   
Only one variable on PCA 2 had a negative coefficient (UH-Table 1).  UH 
abundance was spatially related to the agricultural field (Figure 8).  This spatial 
relationship led me to interpret PCA 2 as the gradient between the forested transects and 
the agricultural field.  No further biological interpretations were made from the rest of the 
principal components, because I interpret the rest of the unexplained variation to be the 
result of variation at a scale finer than zones, or the affect of unmeasured variables (i.e., 
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auxiliary hypothesis-Hempel 1966).  Comparing PCA 1 scores with PCA 2 scores 
highlighted environmental relationships between zones (Figure 9). 
There was a strong positive correlation between Marbled Salamander abundance 
and PCA 1 scores (Figure 10). There was not any meaningful pattern of correlation 
between Marbled Salamander abundance and PCA 2 scores (Figure 11).   Backward 
stepwise regression analysis for raw data variables suggests that the abundance of shade 
tolerant trees was the best overall predictor of Marbled Salamander abundance (Table 2).  
Backwards and forward stepwise regression analysis for variables reduced by PCA 
produced the same predictive model for salamander abundance (Table 2).  Regression 
analysis of plots scores did not include PCA 2-4 in the predictive model which supports 
the interpretation of PCA 2.   
IDW images of the spatial relationship between variables were consistent with 
those identified by PCA and multiple regression analysis.  On the scale of the mapped 
area, Marbled Salamanders appeared to have the highest relative abundance in 
association with the greatest relative abundance of shade tolerant trees (Figure 12).  
Marbled Salamander habitat use appeared to be concentrated in the direct proximity of 
the focal pool, and ≈75-100 m away from the pool on transect 1 (Figure 13).  Patterns of 
habitat use were consistent among age, sex, and re-capture status (Figure 14).  Raw data 
used in analysis is available in tables 3,4,5,6 and 7.  
Discussion  
Seral stage and Marbled Salamanders 
Marbled Salamanders have semi-permeable skin and are subject to rapid 
desiccation.  For this reason, Marbled Salamanders likely seek a mesic environment.  One 
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may make the assumption that Marbled Salamanders would prefer areas that are close to 
the potentiometric surface (i.e., early seral forest).  This relationship did not hold true at 
my site, as salamanders were most frequently detected upland in association with the 
relatively late seral forest.  This counter-intuitive finding makes sense considering the 
seasonality of the environment in the relatively early and late-seral communities. 
At my site, the early seral community is seasonally flooded during late fall rains 
and early spring runoff.  This water is only temporarily available, leaving the community 
dry for much of the summer (i.e., the period of time when Marbled Salamanders are most 
active in terrestrial habitats).  In the relatively early seral community, the water table is 
close to the surface, but Marbled Salamanders do not appear to have the burrowing 
ability to access this water (Semlitsch 1983).  In contrast, the climate of the relatively late 
seral forest is less extreme, and environmental stressors are likely buffered by relatively 
abundant refugia (e.g., leaf litter).    
The observed pattern of terrestrial movements of Marbled Salamanders offers an 
explanation that is consistent with their natural history and previously described 
terrestrial habitat associations (Faccio 2003, Baldwin et al. 2006 a).  Simply put, on the 
scale of my study site, Marbled Salamanders were most frequently detected in the 
terrestrial habitat that provides structural diversity.  At my site, structural diversity is at 
its highest relative abundance in the relatively late seral forest (Table 8). 
Microhabitat  
 Microhabitat is crucial to the terrestrial survivorship of Marbled Salamanders.  
Supporting the findings of Faccio (2003) and Regonsin (2003), the distribution of 
Marbled Salamanders at my site is spatially related to the abundance of horizontally 
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oriented burrows.  Horizontal burrows at my site appear to be function of the depth of the 
leaf litter, and the deepest litter is spatially associated with the relatively late seral forest.  
The relatively deep layer of leaf litter is probably maintained by the relatively thicker 
canopy cover of the relatively late seral forest (Table 3).  In addition, upland forests do 
not experience the rapid decomposition rates of wetland habitats, which may also 
contribute to the relative depth of the litter.   
Unlike Faccio (2003) and Madison (1997), no clear spatial relationship emerged 
associated Marbled Salamanders with vertically oriented burrows.  It is important to note 
that I did not attempt to identify what organism created the observed burrows.  Marbled 
salamanders may actively seek out a specific type of burrow.  My findings do not refute 
the biological importance of vertically oriented burrows, but their distribution in the 
landscape suggests that they may not be limiting resources for Marbled Salamanders (at 
least locally).   
Human land use and salamander capture frequency 
 Although my data says nothing about the distribution of habitat features or 
Marbled Salamanders before human alteration, the legacy affects of anthropogenic 
impacts are evident.  Marbled Salamanders appeared to largely avoid the agricultural 
field which supports the evacuation hypothesis (i.e., salamanders actively seek suitable 
habitat-Semltisch et al. 2008).  No juvenile salamanders were observed on the field which 
may be the result of direct mortality or avoidance behavior.   
 Notably, Marbled Salamanders at my site frequently crossed the road.  This 
contrasts Gibbs (1998), who found that Marbled Salamanders largely avoided a road.  
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This may be a result of site specific differences in the location of suitable terrestrial 
habitat in respect to breeding pool locations.   
Metapopulation dynamics and the relative instability of wetlands  
My data set leads me to propose the working hypothesis that Marbled 
Salamanders exhibit meta-population dynamics (Gamble et. al 2007), but the functional 
unit of the meta-population in a fragmented environment may be seasonal pools and 
discrete patches of suitable terrestrial habitat (Figure 15).  This hypothesis is consistent 
with the spatial structure observed by (Trenham et al. 2001).   
Water is life giving and essential for Marbled Salamander breeding, yet the 
availability of water is highly variable, and it has a capacity to alter ecosystem structure, 
function and dynamics (Dick and Gilliam 2007).  Trees growing near the bottom of a 
hydrolic head are most often in a state of early succession, partly due to the disturbance 
of periodic inundation.  In addition, trees growing in close proximity to the 
potentiometric surface often have a relatively shallow root system, and are relatively 
vulnerable to uprooting during storms. Downed trees open the canopy which helps 
maintain the community in a state of early succession.    
In contrast to early seral communities, relatively late seral communities are 
usually more mesic, complex and stable (Odum 1969).  The relative stability of the late 
seral community is demonstrated by a lack of invasive plant species (Figure 16).  The 
observed terrestrial distribution of Marbled Salamanders in other spatial extents is 
probably tied to local successional processes, and successional processes are known by 
plant ecologists as a variable approaching a variable (Gilliam and Roberts 2003).   
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The reality may be that the terrestrial distribution of Marbled Salamanders is 
highly site specific, and cannot be well generalized across a landscape.  For example, 
cypress trees have buttresses and knees that provide support and allow them to persist 
despite inundation and reduced soils; therefore cypress swamps are often in a state of late 
succession.  Notably, Marbled Salamanders can be found in large numbers in cypress 
swamps during the non-breeding season (Personal observation, Frank Piccininni, 
Marshall University).  Ultimately, understanding local patterns of habitat suitability may 
be the only way to develop effective conservation and management plans (Baldwin et al. 
2006b,USFWS 2002, USFWS 1999).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 12
 
Relatively Late Seral Forest (Transect 1) 
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Figure 1:  Idealized Sampling design and spatial configuration. Each transect (1-3) 
measures 100 meters.   Drift fences (dashed lines) are spaced 25 meters apart.  As 
distance from the pool increase the fences increase in size to sample an equivalent 
percent of area (~15.24, 30.45, 45.73 and 60.96 meters respectively).   
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Figure 2: Mid-late successional forest (Transect 1) 
 
 
 
 
 
 
 
 
 
 
 
           
Road 
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Figure 3: Early successional forest (Transect 2) 
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Figure 4: Agricultural field (Transect 3) 
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Figure 5: Location of microhabitat plots and vegetative plots in respect to the spatial 
configuration of the drift fence array 
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Figure 6: Number of herbaceous plant species plotted against area  
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Figure 7: The frequency of Marbled Salamander captures per zone 
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Figure 8: The spatial distribution of upland associated herbaceous flora 
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Figure 10:  Marbled Salamander abundance vs. principal component 1 
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Figure 11:  Marbled Salamander abundance vs. principal component 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R2 = 0.3581
-5
-4
-3
-2
-1
0
1
2
3
4
0 2 4 6 8 10 12 14 16 18 20
Average Marbled Salamander/Zone
PC
A 
2
 23
 
Figure 12.  The distribution of shade tolerant trees (left) vs. the distribution of 
Marbled Salamander habitat use (right) 
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Figure 13: The spatial distribution of Marbled Salamander captures based on an 
aggregate of all data across age and sex classes. The solid line represents the 
approximate location of a powerline and the dashed line represents a buried gas 
line. N=755 
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Figure 14:  A spatial model of aggregate Marbled Salamander habitat use broken 
down by sex, age class and re-capture status. N=343, 221,22 and 119 for males, 
females, juveniles and recaptures respectively. 
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                           Scale 30-1500 m? 
 
Figure 15: A conceptual model of the movement of Marbled Salamanders that 
assumes a loyalty to discrete patches of ideal terrestrial habitat. The dark blue circle 
represents the focal pool, light blue circle represent additional pools in the 
landscape, and the green rectangles represent discrete patches of suitable terrestrial 
habitat.  Two way arrows represent juvenile egression and subsequent breeding 
migrations and one way arrows represents dispersal to other breeding ponds.  
Movement probably does not happen all at once.  This model accounts for 
philopatry, metapopulation dynamics, and an ability to adapt to ever-changing 
water resources.   
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Figure 16. The distribution of Invasive Herbs vs. the distribution of Shade Tolerant 
Trees.    
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 28
Variable PCA 1 PCA 2 
 
PCA 3 
Canopy 
Cover 0.1294 0.4524 -0.0493
Facultative 
Shrubs -0.1772 0.3948 -0.0441
Facultative 
Herbs -0.1638 0.335 0.0264
Horizontal 
Burrows 0.4374 0.0236 0.0048
Invasive 
Herbs -0.3905 0.0456 0.2275
Intermediately  
Shade 
Tolerant 
Trees 0.357 0.0244
 
    
 0.0963 
Intolerant 
Trees -0.0815 0.3806 -0.0208
Litter depth 0.3773 0.1785 0.1046
pH 0.1988 0.2374 0.5027
Shade 
tolerant trees 0.4461 0.0073
0.0227
Upland Herbs -0.1076 -0.3359 0.4488
Upland Shrub 
and Saplings 0.1341 0.0518
-0.5227
Vertical 
Burrows -0.1027 0.3898
0.2966
Wetland 
Herbs -0.162 0.1531
-0.3266
Table 1.  Principal components (variable loading) of habitat variables produced by 
principle components analysis.   
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Backwards Stepwise Regression (Raw Data), r2=.9923 
Marbled Salamanders = .33699 + 2.87 HB mean – 267.753 IST mean + 361.135 ST mean + 3.32 VB mean 
Backwards Stepwise Regression (Principal Components 1-4), r2=.8208  
Marbled Salamanders = 4.78783 + 2.62959 PCA1  
Forwards Stepwise Regression (Principal Components 1-4), r2=.8208 
Marbled Salamanders = 4.78783 + 2.62959 PCA1  
Table 2.  Results of multiple regression analysis of raw habitat data and principal 
habitat components for Marbled Salamanders.   
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Zone Amop       LD     CC      HB         VB       pH 
A 5.8 0.72 87.65 0 1.5 6.34
B 2.42 1.42 26 0.166 0.166 5.9
C 17.5 1.98 80.708 1.2 0.6 6.37
D 18.67 3.05 94.21 2.78 0.28 6.54
E 3.8 0.84 86.09 0 1 6.48
F 1.29 1.12 89.12 0.33 0.83 6.36
G 1.25 1.54 89 0 0.6 6.27
H 2 0.98 86.37 0.142 0.36 6.19
I 2.6 0.15 80.37 0.5 0 5.96
J 0.429 0.37 75.35 0.67 0.33 6.12
K 0.875 0 2.33 0 0.2 6.11
L 0.82 0 0.64 0 0.14 6.19
Table 3: Raw microhabitat data.  Amop= Average Marbled Salamanders/Zone, 
LD= Litter Depth, CC= Canopy Cover, HB= Horizontal Burrows, VB=Vertical 
Burrows, pH. 
 
 
 
 
 
 
 
Zone Amop/Zone     IH UH WH FH ST IST SI WS FS US 
A 5.8 75.63 0 25.625 91.9 0.000491 0 0.07931 0 3.75 0.5
B 2.42 69.06 17.5 52.5 83.44 0.0116 0.013 0 0 0.75 0
C 17.5 2.18 0 1.875 3.125 0.0351 0.0026 0.06541 0 0.25 6.625
D 18.67 0 38.625 0 52.8 0.052 0.0355 0.00701 0 0.25 3
E 3.8 132.5 48.75 18 196.9 0 0.00096 0.02554 0 1 1.75
F 1.29 122.8 57.625 25.56 155.63 0.000353 0.01091 0.07116 0 1.5 0.375
G 1.25 93.27 29.0625 17 105.63 0.0036 0.00443 0.07942 0.5 1.125 0.75
H 2 103.44 32.44 8.06 114.06 0 0.00166 0.10446 0 1.375 3.25
I 2.6 60 13.75 25.63 95.625 0.001662 0.00174 0.03255 0 1 11
J 0.429 90 22.5 15 132.44 0 0.00756 0.03216 0.125 1.375 4.25
K 0.875 105.71 106.875 0 0.3125 0 0 0 0 0 0
L 0.82 71.9 72.5 0 0 0 0 0 0 0 0
Table 4: Raw vegetative data.  IH=Invasive Herbs, UH=Upland Herbs, 
WH=Obligate +FACW, FH=Facultative Herbs, ST=Shade tolerant trees, 
IST=Intermediately Shade Tolerant Trees, SI= Shade Intolerant Trees, 
WS=Wetland Shrubs, FS=Facultative Shrubs, US=Upland Shrubs.    
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Tree Species 
Zone  
A 
Zone  
B 
Zone  
C 
Zone 
D 
Zone 
E 
Zone 
F 
Zone 
G 
Zone 
H 
Zone 
I 
Zone 
J 
Zone 
K 
Zone 
L 
Acer negundo 
0.000
5 
0.007
1 0 0 0 0 0 0 
0.00
1048 0 0 0
Acer rubrum 0 
0.001
7 0 0.004 0 0
0.00
87
0.007
4 0 0 0 0
Carpinus 
caroliniana 0 0 0.022 0 0 0 0 0 0 0 0 0
Cornus florida 0 0 0 0.003 0
0.00
4
0.02
23 0 0 0 0 0
Elaeagnus 
umbellata 0 0 0 0 0 0 0
0.000
3 0 0 0 0
Fagus 
grandifolia 0 0 
0.053
4 0.047 0 0 0 0 0 0 0 0
Fraxnus 
americana 0 0 
0.003
8 0.002 0 0 0 0 0 0 0 0
Liriodendron 
tulipfera 
0.006
4 0 0 0
0.01
23
0.00
9
0.00
73 0.032 0 
0.00
6 0 0
Platanus 
occidentalis 0 0.016 0 0 0.01
0.01
1
0.00
43
0.001
7 
0.00
2 
0.00
8 0 0
Pinus 
virginiana 0.073 0 
0.039
8 0.004 0.01
0.00
2
0.03
5
0.065
4 
0.03
3 
0.01
8 0 0
Quercus alba 0 0 
0.001
7 0.035 0 0 0 0 0 0 0 0
Ulmus rubra 0 
0.006
4 
0.001
6 0 0 0
0.00
05 0 0 0 0 0
Table 5: Basal area per tree species per zone 
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Sapling and 
Shrub Species 
Zone  
A 
Zone  
B 
Zone  
C 
Zone 
D 
Zon
e E 
Zone 
F 
Zone 
G 
Zone 
H 
Zone 
I 
Zone 
J 
Zone 
K 
Zone 
L 
Aeculus 
octandra .25 0 0 .5 .25 0 0 0 0 0 0 0
Acer rubrum 0 0 .167 .25 0 0 .375 0 0 0 0 0
Acer negundo 2 .5 0 0 .75 .625 .125 .25 0 .125 0 0
Betula nigra 0 0 0 0 0 0 .125 0 0 0 0 0
Carpinus 
caroliniana 0 0 1 .125 .25 0 .25 0 0 0 0 0
Cornus florida .25 0 .83 0 0 .25 .5 1 .25 0 0 0
Elaeagnus 
umbellata 0 0 0 0 1.5 0 0 1.625 
10.7
5 
3.12
5 0 0
Fagus 
grandifolia 0 0 1.58 2 0 0 0 0 0 0 0 0
Fraxnus 
Americana 0 0 .417 .375 0 0 0 0 0 0 0 0
Liriodendron 
tulipfera .25 0 0 0 0 0 0 0 0 0 0 0
Juniperus 
virginiana 0 0 .167 0 0 0 0 0 0 0 0 0
Lonicera 
japonica 0 0 0 0 0 .125 0 .5 0 0 0 0
Parthenocissus 
quinquefolia 0 0 0 0 0 .125 0 .625 0 .5 0 0
Platanus 
occidentalis 0 0 0 0 .25 0 .5 0 0 .125 0 0
Rhus radicans 7.75 .125 0 0 0 .5 .625 .125 1.5 
1.12
5 0 0
Quercus alba 0 0 .417 0 0 0 0 0 0 0 0 0
Ulmus rubra .75 .125 0 0 0 .375 0 .25 .5 .125 0 0
Vitis sp. .875 .125 0 0 0 0 0 0 5.25 
3.12
5 0 0
 
Table 6: Sapling and shrub density per zone 
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Herbaceous 
Species 
Zone  
A 
Zone  
B 
Zone  
C 
Zone 
D 
Zon
e E 
Zone 
F 
Zone 
G 
Zone 
H 
Zone 
I 
Zone 
J 
Zone 
K 
Zone 
L 
Boehmeria 
cylindica 2.5 1.25 0 0 5.63 14.69 7.5 5.31 9.38 12.5 0 0
Lonicera 
japonica 8.125 9.06 19.58 0 16.6 24.38 11.56 4.06 15 22.5 0 0
Microstegium 
vimeneum 62.5 22.5 22.7 0 75 71.25 77.5 95 45 55 0 0
Panicum 
clandestinum  10 17.81 20.83 0 37.5 29.38 6.25 4.375 
.312
5 27.5 0 0
Table 7: Selected herbaceous species ground cover per zone 
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Habitat Type Canopy 
Cover (%) 
p < .0001, 
F=538.32, 
N=57 
Litter Depth 
(cm) 
p < .0001, 
F=29.47, 
N=57 
Horizontal 
Burrows/m2 
p < .0001, 
F=20.23, N=57 
Vertical 
Burrows/m2 
p = .657,  
F= 0.43, N= 57 
Relatively 
Late Seral 
90.66a 2.77 a 2.37 a .37 a 
Relatively 
Early Seral 
82.44b .77 b .16 b .26 a 
Hay Field .47c 0 b 0 b .16 a 
Table 8: A Bonferroni one-way ANOVA comparing sample means of selected 
habitat data.     
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